A B S T R A C T
The conformation of ten purified tRNAs from Escherichia Coli has been investigated by means of the photo-induced cross-linking of ^Srd8 and Cydl3, which is sensitive to the juxtaposition of the two bases. Three tRNIs photoreact abnormally slowly, tRNA Phe , tRNA^1 and tRNA v^ ; a comparison with normally reacting species suggests that base 47 (Urd or modified I'rd) is involved in a tertiary interaction in Class I tRNAs with the triplet 8, 14, 28.
The UGA suppressor tRNA r p photoreacts significantly slower than the wild type. Thus the single base change Gua 24 to Ade induces a conformational change that alters the rate constant for the cross-linking reaction.
I N T R O D U C T I O N
A detailed knowledge of tRNA structure is needed for an understanding, of its functioning. The models of tRNA which have emerged from X-ray crystallographic studies ' are invaluable in this respect ; it is clear nevertheless that in solution, and also presumably during its functioning in the cell, tRNA displays a dynamic structure which is only partly represented by a rigid model. Furthermore, crystallographic data have been obtained so far for a single species and we know little about the structural repercussions of small changes in base sequence, which may play a determining role in the recognition process between tRNA and other macromolecules. An approach to this problem is to measure a parameter related to the relative position of two residues adjacent in the native tRNA structure. This is possible using the method of covalent cross-linking which we have described previously . Irradiation at 335 nm induces the formation of a covalent link between Srd(8) and Cyd(13) in a number of E. coli tRNAs and this finding provided the first 4 5 feature of tRNA tertiary structure to be definitively established ' .
More recently the kinetics of the photochemically induced cross-linking have been used as a probe of tRNA conformation : the photoreaction rate differs significantly in different tRNA species (tRNA^1, tRNA^', tRNA Trp ) and more strikingly in response to the single base substitution m Gua -> Ade in tRNA , * . The rate of cross-link formation should be influenced by the relative distance and orientation of the reacting residues in the tRNA strucure. For example, if a thietane intermediate is involved, the C-S bond of Srd (8) should be approximately parallel to the C,-C, bond of Cyd(13) for 8 4 optimal reactivity . Recent studies of Srd luminescence in tRNAs suggest that the alternative possible influence, the presence of groups able to quench 4
Srd excited state, plays at most a minor role (A. Favre and G. Thomas, unpublished work).
We have undertaken a systematic investigation of the rate and plateau of cross-linking in various E. coli tRNA species. Here we present our data concerning the wild-type and suppressor tRNA which are shown to differ in conformation. We have also identified a class of tRNAs which cross-links at an abnormally slow rate. These results are discussed with respect to our knowledge of tRNA sequences and tertiary structure, and could be explained by an involvement of base 47 in a tertiary structural interaction.
Typically three purified samples and one control (mixed E. coli tRNA) in 5.10~ NaCl, 5.10~3 MgCl and 5.10~' sodium cacodylate buffer pH 7
(A26O between 0.45 and 2.0), were simultaneously irradiated with the Lantern 4 Cunow System using a MTO J 324a filter . The cuvettes were held in a thermostated holder during irradiation and the temperature was maintained between 18 and 20°C.
Kinetic determination
The amount of cross-link was assessed after reduction with NaBH, as g described previously . 50^1 aliquots of the tRNA solution were taken after various times of irradiation and diluted with 500 til of 0. 1 N NaCl, 0.1 N sodium cacodylate buffer pH 7. Then, 50yl of 1 M Nl^OH and 50pl of 1 M NaBH 4 were added successively. The solution was mixed and left 12 h in the dark at 4°C. The fluorescence intensity ( A exc 390 nm -X em 450 nm) of the irradiated reduced samples was read at 20°C, pH 9.7 with a Jobin-Yvon 9 spectrofluorimeter tRNA samples tRNA (su ) was prepared as previously described from E. coli B tRNA (General Biochemicals). tRNA from the UGA suppressor strain CAJ64 was prepared as before and tRNA (su ) was purified by the same method as for the wild-type species, except for a preliminary chromatography on 12 Sephadex A50 according to Nishimura Ridge Laboratories by courtesy of Dr Kelmers. Another set of these purified tRNA species were products from Boehringer.
R E S U L T S
All purified E. coli tRNAs so far investigated which have a Srd (8) and a Cyd (13) The Srd photochemistry of ten purified species has been examined.
Amongst these, one can make a distinction between certain species which cross-link significantly faster than the average (tRNA^1, tRNA Pr°, tRNA Asn and tRNA ) , a group with a "normal" photoreaction rate (tRNA and tRNA j and several tRNAs which photoreact slowly (tRNA h e , tRNA M m l and tRNA V | ) . The relative cross-linking rates for some of these tRNAs are presented in Table I .
The last five species listed above, the normal and slowly reacting tRNAs, afford an interesting comparison because they have identical dihydrouridine stems.
As juged by the ratio A,,-/A, cn the Srd content of these molecules is higher than 0.9. The kinetics of cross-linking are first order, except possibly in the case of tRNA , and th"e yield of conversion of Srd into the 8-13 link, estimated by the changes in the absorption spectra (3OO-4O0nm), Val is in each case higher than 85 %, as reported for tRNA (refs 3 and 4) . Our tRNA preparations were first examined for their Srd content :
the absorbance ratio at 260 and 330 nm was determined in our samples as described under Methods and compared to that measured in a number of other 4 E. coli tRNAs. We found that the mutant molecule contains 0.95 + 0.05 Srd residue per molecule although the wild-type content was only 0.65 + 0.05.
We do not know whether the latter value is due to a lower efficiency of 4 in vivo thiolation or to oxidation of Srd during the tRNA purification. The rates are defined by the time t ," necessary to obtain 50 % of the final cross-linking level and are normalized with respect to unfractionated tRNA.
In experiment 1 the conditions described in Material and Methods were used and the concentrations of the differents samples were respectively (in A 26O units) 1.710 for total 0.630 for the su + and 0.460 for the wild-type tRNA.
In experiment 2 we used a 0.01 M MgCl 0.025 M NaCl, 0.025 M sodium cacodylate pH 7 buffer. The 260 nm absorbancies were 1.9 for the total tRNAs and respectively 1.790 and 1.840 for the wild-type and su + tRNA P .
found to be first order with both wild-type and «u tRNA P , and in both experiments the mutant tRNA was cross-linked significantly slower than the wild-type species (Fig. 2 ) . Unf ractionated tRNA from E. coli B or E. coli however, the most direct evidence of a structural difference between the species at a certain distance from the mutation site. 
